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ABSTRACT 
Abstract— The Semiconductor optical amplifier (SOA) technology has a 
promising commercial value and viability in fiber optic communication systems. The 
SOA is usually employed as a booster or pre-amplifier in various optical 
communication networks. On the other hand, SOAs is also a strong option when 
operation as multi-functional elements in future all-optical networks is concerned. 
However with this in mind, the purpose of this project is to design a system 
employing SOAs as functional devices, for instance the noise reducer utilizing 
spectrum slicing source. The SOA is therefore modeled and simulated using the 
OptiSystem software. The SOA gain characteristic is also used to assist the design of 
the modeled SOA in order to prove a saturation gain case to reduce the Intensity 
noise. The performances of the systems are thus analyzed in terms of the Q-factor 
and bit-error-rate (BER) of the eye diagram, Relative intensity noise (RIN) and the 
optical signal-to-noise ratio (OSNR). The study of the SOA gain characteristics is in 
large agreement with the numerical simulation results by about 2.47% and therefore 
proves the means of the modeled SOA network used in this particular work. The 
SOA presents a promising option when operating as a functional device in all optical 
communication networks 
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ABSTRAK 
Abstrak- Semiconductor penguat optik (SOA) teknologi mempunyai nilai 
komersial yang menjanjikan dan daya maju dalam sistem komunikasi gentian optik. 
SOA biasanya digunakan sebagai penggalak atau pra- penguat dalam pelbagai 
rangkaian komunikasi optik. Sebaliknya , SOAS juga pilihan yang kuat apabila 
operasi sebagai elemen-elemen pelbagai fungsi dalam rangkaian semua -optik masa 
depan berkenaan. Bagaimanapun, dengan ini dalam fikiran , tujuan projek ini adalah 
untuk mereka bentuk satu sistem menggunakan SOAS sebagai alat berfungsi, 
misalnya pengurang bunyi menggunakan sumber spektrum penghirisan. SOA Oleh 
itu, model dan simulasi menggunakan perisian OptiSystem itu. SOA keuntungan ciri 
ini juga digunakan untuk membantu reka bentuk SOA model untuk membuktikan 
keuntungan kes tepu untuk mengurangkan bunyi Intensiti . Prestasi sistem dengan itu 
dianalisis dari segi Q- faktor dan sedikit -kesilapan -kadar (BER) gambarajah mata, 
bunyi intensiti relatif ( RIN ) dan nisbah isyarat-kepada- hingar optik ( OSNR ). 
Kajian keuntungan ciri SOA dalam perjanjian besar dengan keputusan simulasi 
berangka oleh kira-kira 2.47% dan oleh itu membuktikan cara rangkaian SOA model 
yang digunakan dalam kerja-kerja khusus ini. SOA membentangkan pilihan yang 
menjanjikan apabila beroperasi sebagai alat berfungsi dalam semua rangkaian 
komunikasi optic. 
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CHAPTER 1 
INTRODUCTION 
1.1 Introduction 
For over the past 20 years and more, ever since the unearthing  of the laser 
and the advancement in  low-loss optical fiber, fiber systems have turn out to be  the 
core  backbone of the information-conveying communications all around the world, 
owing to their superior  capacity, high speed, minimal  cost, and high security. There 
are three crucial parts required in an optical communication system, they are: a 
transmitter, a transmission medium, and a receiver. The laser forms the core of the 
transmitter, by means of its output beam being modulated by the input electric signal 
and which is then attached into an optical fiber, the optical fiber functions as the 
transmission medium to aid in conveying the signal to the receiving end of the link. 
A photo detector works as the nucleus of the optical receiver and it translates the 
optical signal back into an electrical signal. 
The optical transmission system design [1 - 4] entails observing the diverse 
effects that may distort the signal all through modulation, transmission, and the 
detection processes. The transmission quality is realized via the received signal-to-
noise ratio (SNR), the SNR is the ratio relating the signal power and the noise power 
at a specific point. The SNR is thus associated with the receiver sensitivity; the 
minimum received optical power desirable to maintain the SNR at the specified 
level. In digital optical communications, the bit-error rate (BER), described as the 
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ratio of the bits in error to the whole number of transmitted bit at the certain point, it 
is normally used as a figure of value. In the same vein, the receiver sensitivity can be 
seen as the minimum needed received optical power which can keep the BER below 
a given value. There are three types of parameters important from the system 
engineering point of view, they consist of 
1) Optical signal parameters which influences the signal level. 
2) The optical noise parameters that influences the BER. 
3) The impairment parameters that influences the power margin to be 
allocated to make up for their impact.  
The optical signal parameters which define the signal level is made up of the  
optical transmitter output power, loss ratio, optical amplification gain, and the 
photodiode responsively. Additionally, the entire noise is a stochastic process that is 
composed of both the additive noise mechanism and the multiplicative (non-additive) 
noise mechanism. Therefore, There exist quite a number of impairments which  
weaken the signal quality all through transmission for instance  fiber attenuation, 
chromatic dispersion, polarization mode dispersion (PMD), polarization-dependent 
loss (PDL), fiber nonlinearities, insertion loss, and frequency cheep; and so on.. A 
suitable design practice is made up of diverse phases to afford a pre-specified 
transmission system quality and also a sense of balance to different system 
parameters. The systems parameter can be therefore be related to power, time, 
wavelength, or a combination of them.  
1.2 System Descriptions 
More often than not, for long-haul communications, the optical fiber 
communication. System shown in Fig 1.1 is used [5]. The fundamental constituents 
of such an optical communication systems are the transmitter, the medium of 
transmission and the photo receiver. There is also an optical encoder, by means of 
which the electrical information signal is enhanced to an optical Signal via 
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modulating the optical emission from the optical transmitter. This optical transmitter 
is frequently a light emitting diode or a laser diode together with a germane 
modulating and driving circuits. Afterward, the optical signal is then transmitted via 
a medium that affords a suitable propagating condition for the carrier signals. This 
transmission medium is by and large an optical fiber with optical amplifiers and 
repeaters which depends on the length. Lastly, at the photoreciever, the optical signal 
is converted back into an electrical signal. 
 
Figure 1.1 Schematic representation of an optical fiber communication 
system[5]. 
The chief  advantages of the optical telecommunication systems are their 
enormous  bandwidth owing  to the high frequency of the optical carriers (100 GHz), 
low signal attenuation and low dispersion, these can  be  realized  by a selecting  a 
suitable laser wavelength and optical fiber. Optical signals are protected to minimize 
crosstalk and thus several communication links can be supported by the signal fiber. 
They signals are also protected from the interference from inductive coupling and 
they provide a more secure communication.  
Conventional fiber is made up of silica which is composed of a core which 
has a higher refractive index than its cladding. These obvious changes in the 
refractive index result in a total internal reflection of the propagating signal, as a 
consequence allowing for the signal to propagate over a long distance. A Single 
mode fiber may be preferred as a transmission channel over multimode fiber due to 
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the fact that it could be optimized for low dispersion and attenuation for a particular 
wavelength. The key mechanism of attenuation in the single mode fibers is the 
impurity scattering.  
With the current  quantity of impurity control in the manufacturing of single 
mode fibers, the present day  commercial fibers are precisely  close to the theoretical 
attenuation limit of about 0.15dB/km at a wavelength (  ) of 1.55μm.The  Zero 
dispersion in the commercial fibers can also be achieved at 1.3μm. This therefore 
implies that the resulting shape of the signal at this specific wavelength does not 
change as it propagates from end to end the fiber. Based on the system requirement, 
either 1.3μm or 1.55μm can be utilized as a carrier wavelength. 
1.3 Basic Principles 
In principle optical fiber communication systems are used both in analog and 
digital modes of modulation. The Analog optical fiber communication systems are 
typically restricted to short distance and low bandwidth applications, for example the 
cable TV. As in the situation with wire line systems, analog systems are often less 
efficient in contrast to digital systems due to their superior signal-to-noise ratio 
requirement. Besides, the high linearity that is essential for analog signal 
recuperation circuits is not simply accomplished in semiconductor optoelectronic 
components. These complete extra requirements make the digital format of 
modulation an enhanced choice for the communication systems. In addition, with the 
development of a superior quality of digital television, merging of television, 
telephone and internet traffic will bolster the switch to digital optical communication 
systems. 
Consequently, Optical fiber telecommunication systems are utilized   both for 
short and long-haul communications. In short-haul applications, there exists a normal 
separation sandwiched between the source and the receiver which is between 30 to 
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80 km, according to the speed of transmission and the existing application. 
Generally, in such systems, no extra signal amplification or phase correction is 
necessary along the haul. In long-haul applications, where a usual  separation 
between the source and the receiver can be a few thousand kilometers, for instance in  
sub-marine applications, signal regeneration is necessary at more or less  every 
100km. 
The distance connecting the repeaters is decided by a mixture of the requisite 
bit rate, carrier wavelength (1.3μm or 1.55μm), attenuation and dispersion in the 
fiber. One way to categorize optical communication systems is to take into account 
the distance over which they function. At one edge of the spectrum are the long-haul 
systems, related to the information transported across the greatest possible distances.  
Hence, a silica based optical fiber is a more apt transport means over a vast 
distance with very low propagation loss, thus attaining a high capacity which occurs 
at the operating wavelengths in the region of 1.55μm. Nevertheless, when the 
distance traveled is less critical, a number of other factors come into play, they are 
the costs associated with the endpoints, networking topologies and the principles and 
compatibility with legacy systems. The High costs of photo detector and 
optoelectronic integrated circuits (OEICs), which exclude their utilization in short 
distance applications for example local area networks, fiber to the home, and optical 
interconnects on print circuit boards and between boards. Meanwhile the High 
volumes of low cost OEICs will be needed also for optical buses in cars and in 
optical storage system akin to CD-ROM and digital versatile disk (DVD). 
1.4 Background of Project 
There has been an approximately exponential growth in the deployment and 
capacity of optical fiber communication networks over the past twenty-five years, 
made possible primarily by the new development of optoelectronic technologies 
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utilized to develop the enormous bandwidth of optical fiber [6]. Systems and 
networks operating at bit rates well in excess of 100 Gb/s had been demonstrated [7]. 
All-optical technology is the leading carrier of worldwide information, and is also 
central to the realization of future all-optical networks that will have the capabilities 
demanded by a growing society. In communication systems, the need for high 
bandwidth interconnects and efficient sharing of large amounts of almost any kind of 
data from one destination to another is highly essential. Many of the advances in 
optical communication networks have been made possible by the semiconductor 
optical amplifier (SOA).  
The semiconductor optical amplifier is an optoelectronic device used for 
many applications in advanced optical fiber communication systems. As the 
incredible new growth in data speeds is largely certified to new photonics 
technologies that enable the enormous capacity of optical fiber to be exploited, next 
generation optical networks will require advanced photonic devices/subsystems for 
high speed all-optical signal processing of narrow (picoseconds) optical pulses to 
allow for very large increases in data rates (100s Gigabit/s to Terabit/s). The SOA 
has become a candidate device, due to its various attractive properties; such as fast 
switching speed, low power consumption and the ability to be cascaded [8]. SOAs 
are also compact, highly compatible devices which are easily installed into a 
communications link. SOAs are ever more becoming devices of interest, not only as 
basic amplifiers, but as more capable elements in optical communication networks 
qualified of providing all-optical signal processing; such as high speed optical 
switching [9 – 10], optical gating [11]. These functions, whereby there is no modify 
of optical signals into the electrical domain, will be necessary in future transparent 
optical networks. SOA based subsystems have been recognized to have the capability 
of implementing many all optical signal functions, and the technology has therefore 
been showing to the world due to its huge commercial value and future high ability 
in fiber optic communication systems. 
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1.5 Problem Statement 
Most of the project has been focused on noise reduction, the SOA is a key 
section that used here to reducing the intensity noise, and the basic parameters used 
to characterize the SOA are: input power, relative high gain, output saturation power 
5-10 dBm. 
One of the major disadvantages of the SOA is its nonlinearity, due to the very 
short lifetime of the injected carriers [12]. However, this disadvantage can be 
functional when it comes to wavelength conversion, noise reduction and switching. 
In this thesis, applications of SOAs, such as amplification and noise reduction are 
modeled using OptiSystem software, and performances of the system are analyzed. 
Results are also compared with previous reported work.  
1.6 Objectives 
This project linked of several applications of SOAs for future all optical 
networks. Based on above mentioned problem statement, the objective can be 
specified as:- 
1. To model, simulate and analyze the Semiconductor Optical Amplifier for 
amplification function, particularly for gain saturation. 
2. Using Semiconductor Optical Amplifier to reduce Intensity Noise in saturated 
gain case of SOA. 
3. Optimization of optical system by reducing the intensity noise of a spectrum-
sliced incoherent light source to get best quality factor of the system. 
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1.7 Scope of the Project 
In order to complete these project objectives, the matching works to be 
carried out in this project are: 
 Evaluation of the application concepts of the SOA for future all-optical 
networks, including factors which influence the performance, characteristics 
and design structure. 
 Modeling the SOA using OptiSystem software, and analyzing the system in 
order to obtain the most advantageous amplification concert. 
 Modeling, simulating and analyzing a gain saturated SOA in order to check 
the intensity noise from a spectrum-sliced source. 
1.8 Research Methodology 
This project begins with literature studies in order to give a good 
understanding of the SOA applications for future optical communication networks, 
based on the systems procedure and design considerations. Then, the gains 
characteristics of SOA are studied by simulate the system based on OptiSystem 
software from Optiwave ® due to its flexibility. 
The SOA parameters used in this project are chosen from a previous work 
[13]. The work then proceeds by modeling the SOA for amplification principle. The 
system is analyzed in terms of the Q-factor in order to reach the optimum 
amplification performance. The next point will be on the application of a SOA as an 
intensity noise reducer in a spectrum-sliced incoherent light system. The SOA is 
modeled based on gain saturation in an SOA in order to obtain maximum reduction 
in the intensity noise, and thus achieving clean switching besides amplifying. 
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